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Summary
Objective: The objective of this work was to compare the measurement properties of three categorical X-ray scoring methods of knee
osteoarthritis (OA), both on semiﬂexed and extended views.
Methods: In data obtained from trials and cohorts, X-rays were graded using Kellgren and Lawrence (KL), the OA Research Society Inter-
national (OARSI) joint space narrowing score, and measurement of joint space width (JSW). JSW was analyzed as a categorical variable.
Construct validity was assessed through logistic regression between X-ray stages and Western Ontario and McMaster Universities OA Index.
Inter-observer reliability was assessed in 50 subjects for extended views by weighted kappa. Intra-observer reliability and sensitivity to change
were assessed separately for extended and semiﬂexed views in 50 patients who had both views performed, over a 30-month interval, by
weighted kappa and standardized response mean (SRM).
Results: Extended viewswere available from three trials and two cohorts (1759X-rays), including one trial inwhich both extendedand semiﬂexed
views (antero-posterior) were obtained. Correlation with clinical parameters was low for the three scoringmethods, except for the single commu-
nity-based cohort. Inter-rater reliability was higher for categorical JSW in extended views (kappa, 0.86 vs 0.56 and 0.48 for KL and OARSI,
respectively). Intra-rater reliability was higher for categorical JSW, both in extended views (0.83 vs 0.61 and 0.71) and in semiﬂexed views
(0.89 vs 0.50 and 0.67). Sensitivity to changewas also higher for categorical JSW, particularly in semiﬂexed views (SRM, 0.49 vs 0.22 and 0.34).
Conclusion: These results indicate categorical JSW, in particular on semiﬂexed views, may be the preferred method to evaluate structural
severity in knee OA clinical trials.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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742Introduction
Osteoarthritis (OA) is a major cause of disability worldwide1.
Over the past years, interest has grown among the scientiﬁc
community, pharmaceutical companies, and regulatory
agencies in the development of drugs that might inﬂuence
the natural history of OA by preventing, retarding, or revers-
ing cartilage breakdown. Interest exists, therefore, in identi-
fying a valid, dichotomous outcome variable that reﬂects the
743Osteoarthritis and Cartilage Vol. 16, No. 7natural history of OA. In particular, interest has grown in us-
ing the requirement of total joint replacement as a ‘‘hard’’
outcome measure2,3. Limitations exist, however, in the
use of such an outcome, in particular variability in the deci-
sion to perform surgery, the length of surgical waiting lists,
and responsiveness. Thus, a better alternative might be to
change the criteria ‘‘time to total joint replacement’’ to
‘‘time to fulﬁll the criteria for total joint replacement’’4. In
this context and as described elsewhere5, an international
working group was created under the auspices of OA
Research Society International (OARSI) and Outcome
Measures in Rheumatology Clinical Trials (OMERACT) in
order to elaborate a set of criteria deﬁning theoretical re-
quirement for total joint replacement in knee and hip OA,
for use in clinical trials evaluating potential disease-modify-
ing drugs and other interventions in OA. It was decided that
the domains of pain, physical function and joint structure on
X-rays5 would be combined as a surrogate measure of out-
come. For each of these domains, a categorical outcome
will be used to render combination of the domains feasible.
As a ﬁrst step, three working subgroups were constituted, to
determine which instrument should be used to evaluate
these domains.
This article presents the work of the ‘‘structure group’’ on
knee OA. The objective was to examine categorical mea-
sures of OA deﬁning structural severity in knee OA in terms
of suitability to enter into a composite criterion representing
a dichotomous indicator for joint replacement. At this time,
evaluation of structural degradation in trials uses a quantita-
tive measurement of joint space width (JSW), either at the
narrowest point or mean JSW, by precise measurement
using a ruler or caliper, or through computer assisted tech-
niques6. However, JSW measurement provides a continu-
ous variable, while the working group aimed to establish
a dichotomized outcome (virtual indication for joint replace-
ment yeseno). This binary outcome could then be used as
a deﬁnition for ‘‘responder/non-responder’’ in OA clinical
trials (whereas a continuous outcome does not deﬁne a
responder). To this end, it was necessary to categorize or
dichotomize the continuous variable JSW, or change in
JSW, or to evaluate the domain structure using a widely
used categorical instrument, such as the Kellgren and Law-
rence (KL) scoring method7, or the OA Research Society In-
ternational (OARSI) joint space narrowing severity grades8.
At the present time, there is also no consensus on the op-
timal radiographic technique to evaluate structural severity
in knee OA9. Researchers generally agree that weight-bear-
ing views are best since supine views may not demonstrate
joint space narrowing evident on weight-bearing views10.
However, different weight-bearing views are used: either
extended views, or semiﬂexed. Although there are some
data in favor of semiﬂexed views11e14, extended views
are still widely used. Among semiﬂexed views, there are
also various techniques available: (1) antero-posterior (ﬂuo-
roscopically assisted) semiﬂexed views15, (2) metatarso-
phalangeal semiﬂexed views, which are postero-anterior
views, non-ﬂuoroscopically assisted13, (3) Lyon-Schuss
views, which are postero-anterior views, ﬂuoroscopically
assisted16, (4) ﬁxed ﬂexion views with Synaﬂex positioning
device; these techniques all present both advantages and
disadvantages17. Finally, femoro-patellar views also present
unresolved issues, but are not the objective of this study.
As part of the process of this OARSIeOMERACT initia-
tive, it was necessary to assess different radiographic views
and categorical measures of structural severity in knee OA.
To assess a potential outcome measure, it is necessary to
assess its psychometric properties, as deﬁned by theOMERACT ﬁlter. The OMERACT ﬁlter18 checks that a
potential outcome measure is truthful, i.e., reﬂects what it
is supposed to reﬂect, and is discriminant, which includes
reproducibility, and sensitivity to change, over time, and be-
tween different severity stages. The last element in the
OMERACT ﬁlter refers to feasibility, which is not assessed
through statistics. There are numerous published data re-
garding the psychometric properties of the different views
and scoring techniques in knee OA6,11,13,14,17. However,
to our knowledge, studies in which all the properties of
the OMERACT ﬁlter are compared head-to-head are lack-
ing, making it difﬁcult to choose the most effective scoring
system for our purposes.
The objective of this work was to provide such a head-to-
head comparison of the different radiographic views and the
different scoring techniques in knee OA, by assessing their
psychometric properties18.Patients and methodsDATA SOURCESA call for data (available databases with X-rays either from trials or co-
horts) was sent out to the OARSIeOMERACT group and to leading experts.
The databases could be trials or cohorts, and the X-rays could have been
obtained using extended or semiﬂexed views. Ideally, the X-rays had been
analyzed with all three scoring methods; in all other cases, the X-rays had
to be available for interpretation. It was also necessary to obtain some clin-
ical data (see below). Finally, ﬁve databases were proposed, they all had the
necessary available data (X-rays and clinical data) and all available X-rays
were analyzed for construct validity. In one database, the X-rays had been
analyzed with the three scoring methods; in the other databases, X-rays
were reanalyzed centrally. For intra- and inter-reproducibility and sensitivity
to change, a random sample of the available X-rays was analyzed.
Ethics approval was obtained where necessary for reinterpretation of the
X-rays.SCORING OF X-RAYSFor the purposes of this study, at least one radiographic view was ana-
lyzed for each knee, using a standing extended view. Where available,
a semiﬂexed view was also analyzed. These views allowed the analysis of
the tibio-femoral joint. The patellofemoral joint was not assessed. All avail-
able radiographs were analyzed; the radiographs were required to be of suf-
ﬁcient quality to allow interpretation of the joint region. If the magniﬁcation
was reported, JSW could be measured, otherwise only OARSI and KL
scores were assessed. In trials, only one knee per individual was analyzed,
the ‘‘index knee’’ (symptomatic or most symptomatic knee). In cohorts, both
knees and all four compartments (medial and lateral of both knees) were
analyzed and the most severe compartment radiographically was used for
analysis.
X-rays were scored three times each: (1) radiologic grade according to the
KL classiﬁcation7 based on Kellgren’s original written description; (2) OARSI
grade for joint space narrowing8, and (3) JSW as a continuous variable. Joint
space was measured manually at the narrowest point, with a magnifying lens
ﬁtted with a graticule. As no categorization was published before for JSW at
the knee, JSW was changed into a categorical variable using the median and
quartile values of the ﬁrst database analyzed: cut-offs were 2 mm (quartile),
3.5 mm (median), and 5 mm (quartile).
Reporting of the ﬁlms was undertaken by rheumatologists who had all
undergone training by other rheumatologists to standardize the X-ray
scoring. Most radiographs were read by JFM (Paris, Indianapolis, and
Houston). In addition, a set of 50 radiographs were read by LG in order to
evaluate inter-reader reliability. LG previously underwent training with JFM.
The readers were blinded to all clinical and questionnaire data.CLINICAL DATA COLLECTIONDemographic data comprising age, sex, race/ethnicity, and body mass
index (BMI) were collected at the same timepoint as X-rays were performed.
Clinical severity was estimated through the subscales of the Western Ontario
and McMaster Universities OA Index (WOMAC)19. Each item has ﬁve
response options (none/mild/moderate/severe/extreme) and yields total
subscale scores for pain (ﬁve items, total score: 0e20), disability (17 items,
total score: 0e68) and stiffness (two items, total score: 0e8). Results were
normalized to a 0e100 score.
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.Validity was assessed through the cross-sectional relationship between
X-ray stages and WOMAC total, pain, function and stiffness scores, by logis-
tic regression. In databases obtained from trials, the baseline data were used
for analysis. This assessment of validity will be termed here ‘‘construct val-
idity’’. Inter-observer reliability was assessed separately for extended and
semiﬂexed view X-rays in 50 subjects for whom both views had been per-
formed by two readers (JFM and LG). Intra-observer reliability was assessed
separately for extended and semiﬂexed view X-rays in the same patients,
with one reader at a 48 h interval. Thus the same study participants were
used for evaluating intra-observer reproducibility for extended views and
semiﬂexed views.
Sensitivity to change was assessed on 50 pairs of extended view X-rays
and 50 pairs of semiﬂexed view X-rays, in the same study participants (but
different participants from reliability) over a 30-month interval. The ﬁlms
were read with knowledge of the order.s
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:Statistical analysis was performed using SAS statistical software (SAS in-
stitute Inc, Cary, NC). For construct validity, logistic regression analyses
were carried out to model symptomatic severity (WOMAC total, pain, function
and stiffness), categorized into quartiles, by X-rays’ grades, adjusted for age,
race/ethnicity, sex, and BMI (proportional odds model as assumptions were
satisﬁed). Each of the higher quartiles of X-ray grading was compared to the
lowest grade. Associations between symptomatic severity on each item and
radiographic severity for KL, OARSI joint space narrowing and JSW (catego-
rized) were expressed as adjusted odds ratios with 95% conﬁdence intervals
(CIs). The least severe radiographic category was used as the reference cat-
egory. For reliability, weighted kappas were calculated, as well as intra-class
correlation coefﬁcients (ICCs)20. Sensitivity to change was assessed by
standardized response mean, SRM: mean (month 30emonth 0) X-ray score
change/standard deviation (SD) of X-ray score change. Although SRM was
not developed as a measure for semi-quantitative data, it was used here
since the assumption of calculations of mean and SD regarding equal in-
tervals was violated to the same extent by each of the outcomes. Statistical
signiﬁcance was set at 0.05.a
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IIn total, ﬁve databases were available for analysis. Three
databases were issued from trials and two from cohorts.
One database had semiﬂexed views, in this case an an-
tero-posterior ﬂuoroscopically assisted semiﬂexed view15.
In all cases, the diagnosis of OA was based on the Ameri-
can College of Rheumatology criteria21. Characteristics of
populations are shown Table I.
- The French database was obtained during a randomized
placebo-controlled trial of laterally wedged insoles in
156 patients with symptomatic knee OA over a 24-
month period22. The patients had been structurally eval-
uated using extended view knee X-rays.
- The Indianapolis database was obtained during a ran-
domized placebo-controlled trial of doxycycline in obese
women with unilateral knee OA over a 30-month pe-
riod23. Each subject underwent radiographs at baseline
and 30 months later, which included a ﬂuoroscopically
standardized semiﬂexed antero-posterior view of each
knee15 and a standing antero-posterior view. In the
present study, the baseline semiﬂexed and extended
views of 298 and 131 patients, respectively, were ex-
tracted and analyzed, as well as the 30-month follow-
up semiﬂexed and extended views of 50 patients.
- The Houston database was obtained during a random-
ized placebo-controlled trial of acupuncture in 289
patients, structurally evaluated using extended views
knee X-rays.
- The Toronto database was issued from a population-
based cohort of symptomatic OA patients24. The patients
had been structurally evaluated using extended view
745Osteoarthritis and Cartilage Vol. 16, No. 7knee X-rays. In this cohort, 162 patients had complete
clinical and radiographic data and were analyzed here.
Because the magniﬁcation factor for Houston and Toronto
X-rays was not available, these X-rays were analyzed
according to KL and OARSI scores but JSW could not be
calculated.
- The Johnston County Osteoarthritis Project database is
a community-based cohort with symptomatic and
asymptomatic OA as well as non-OA participants25.
The 735 participants structurally evaluated using ex-
tended view knee X-rays were analyzed.CONSTRUCT VALIDITYIt should be noted that there were no available data for
predictive validity, i.e., which radiographic score best pre-
dicts later total joint replacement. Construct validity (cross-
sectional association with symptoms) is shown in Tables
II and III. Association with symptoms was low, for all radio-
graphic scores; only in the less advanced, less symptomatic
Johnston County cohort was an association shown, and this
association was similar for all three radiographic grading
techniques. In addition, there was an association between
pain and structure, assessed using categorical JSW, in
the insole trial.RELIABILITYReproducibility of readings is shown in Table IV. Inter-
reader reliability was not obtained for semiﬂexed views.
Inter-reader reliability was highest for categorical JSW.
Intra-reader reliability was highest for categorical JSW on
semiﬂexed views, and tended to be higher for extended
vs semiﬂexed views.SENSITIVITY TO CHANGESensitivity to change is shownTable V. This was assessed
in a group of patients with both extended and semiﬂexedTable I
Construct validity of the three knee X-ray grading systems: adjusted odds
X-ray gra
Database X-ray grade WOMAC total
KL OARSI
Paris 1 vs 0 NS NS
2 vs 0
3 vs 0
Indianapolis
(extended views)
NA NA
Indianapolis
(semiﬂexed views)
NA NA
Houston NS NS
Johnston County 1 vs 0 NS 1.72
(1.2e2.45)***
2 vs 0 1.74
(1.12e2.70)**
3.0
(1.78e5.07)B
3 vs 0 2.45
(1.42e4.21)B
2.86
(1.38e5.94)***
4 vs 0 2.7
(1.31e5.57)***
Toronto NS NS
Cat. JSW: categorical JSW (grade 0: 5 mm, grade 1: 3.5e4.9 mm,
signiﬁcant. *P value< 0.05; **P value< 0.01; ***P value< 0.001; BP valviews, from the Indianapolis database. Responsiveness
was highest for categorical JSW on semiﬂexed views.Discussion
The objective of the present study was to compare, using
the OMERACT ﬁlter, different radiographic views and scor-
ing techniques, to select a categorical outcome measure
deﬁning structural severity in knee OA, for use as part of
a composite criterion in clinical trials.
This large study of X-ray grading in knee OA leads to two
main conclusions. The ﬁrst concerns scoring techniques.
Although KL, OARSI stages and categorization of JSW all
have similar construct validity, it appears that categorical
JSW is more reproducible and more sensitive to change.
The second conclusion concerns radiographic techniques.
In this analysis, semiﬂexed views (in this case, antero-pos-
terior ﬂuoroscopically positioned semiﬂexed views) were
found to be superior to extended views.
To our knowledge, this is the ﬁrst study to compare in
a large number of X-rays the different available categorical
scoring techniques for all psychometric properties. Ac-
knowledged methodology, as recommended by the OMER-
ACT group of experts18, was applied to compare the
radiographic scoring techniques. However, it was not possi-
ble to evaluate all aspects of validity, in particular predictive
validity. In addition, this study only concerned the tibio-
femoral joint; we did not study the femoro-patellar joint.
And ﬁnally only one type of semiﬂexed incidence was
available for analysis.
In this study, there was no signiﬁcant difference between
the three radiographic scoring techniques with regards to
construct validity, which was overall low. The observed dis-
cordance between clinical and radiographic data has been
noted by several authors26,27, while others published con-
ﬂicting results28,29. Several hypotheses can be proposed
for explanation: (1) X-rays may not effectively capture the
pathologic features of OA that are responsible for pain
and physical dysfunction, e.g., synovitis; (2) the currentI
ratios to explain WOMAC total and WOMAC pain (in quartiles) by
de
WOMAC pain
Cat. JSW KL OARSI Cat. JSW
NS NS NS 2.78
(0.86e8.98)*
3.77
(1.13e12.5)**
NS
NA NS NS NS
NA NS NS NS
NA NS NS NA
NS NS 1.74
(1.21e2.48)**
NS
1.53
(0.94e2.49)*
1.78
(1.14e2.77)**
3.68
(2.14e6.33)***
NS
2.82
(1.44e5.53)***
2.53
(1.46e4.39)**
4.39
(2.00e9.67)***
4.06
(1.97e8.4)***
3.75
(1.73e8.14)***
NA NS NS NA
grade 2: 2e3.4 mm, grade 3: <2 mm); NA: not available. NS: not
ue 0.06e0.08.
Table III
Construct validity of the three knee X-ray grading systems: adjusted odds ratios to explain WOMAC function and WOMAC stiffness (in quar-
tiles) by X-ray grades (see Table II for abbreviations)
Database X-ray WOMAC function WOMAC stiffness
KL OARSI Cat. JSW KL OARSI Cat. JSW
Paris NS NS NS NS NS NS
Indianapolis
(extended views)
NS NS NS NA NA NA
Indianapolis
(semiﬂexed views)
NS NS NS NA NA NA
Houston NS NS NA NS NS NA
Johnston County 1 vs 0 NS 1.82
(1.28e2.58)***
NS NS 1.69
(1.18e2.43)**
NS
2 vs 0 1.90
(1.23e2.92)**
3.03
(1.82e5.06)***
1.56
(0.96e2.54)B
1.74
(1.11e2.74)*
3.02
(1.75e5.21)***
NS
3 vs 0 2.50
(1.47e4.25)***
3.27
(1.59e6.74)**
2.95
(1.51e5.78)***
2.07
(1.19e3.58)**
2.97
(1.38e6.38)**
2.48
(1.25e4.92)**
4 vs 0 3.51
(1.69e7.28)***
3.02
(1.39e6.53)**
Toronto NS NS NA NS NS NA
Cat. JSW: categorical JSW (grade 0: 5 mm, grade 1: 3.5e4.9 mm, grade 2: 2e3.4 mm, grade 3: <2 mm); NA: not available. NS: not
signiﬁcant. *P value< 0.05; **P value< 0.01; ***P value< 0.001; BP value 0.06e0.08.
746 L. Gossec et al.: Radiographic scores in knee OAX-ray views and/or scoring systems may be inadequate; it
has been suggested that the evaluation of associations
between structural knee changes and pain and function
needs to include an assessment of the patellofemoral joint
compartment and individual radiographic features rather
than a global severity score30; (3) current methods used
to evaluate pain and/or function may be inadequate; (4)
ﬂuctuations of the disease severity over time (e.g., severe
radiographic OA may not lead to severe symptoms at the
moment of this cross-sectional assessment); (5) differ-
ences between studies in inclusion criteria. In the present
study, we did not evidence a relationship between X-rays
and symptoms, except in the Paris database in which WO-
MAC pain was associated with categorical JSW, and the
Johnston County cohort, in which the relationship between
all symptom measures and all structural measures was
moderately strong. This community-based cohort included
symptomatic and asymptomatic individuals with a wide
range of symptomatic and structural variability. In addition,
the radiographs from the Johnston County Osteoarthritis
Project were read by a single, highly experienced muscu-
loskeletal radiologist (JBR), with high intra-rater and
inter-rater reliability25. This reduction in radiographic mea-
surement error and the larger sample size of this cohort likely
contributed to observed associations between symptoms
and structure in this cohort. In the other databases, though
the level of pain was not necessarily high, all patients hadTable I
Reliability. Reproducibility of the thre
KL
Weighted kappa
(95% CI)
ICC
(95% CI)
Weighte
(95%
Inter-reader
(extended views)
0.56
(0.38e0.73)
0.72
(0.38e0.86)
0.48
(0.32e
Intra-reader
(extended views)
0.61
(0.42e0.80)
0.72
(0.55e0.83)
0.71
(0.56e
Intra-reader
(semiﬂexed views)
0.50
(0.25e0.75)
0.56
(0.33e0.72)
0.67
(0.53e
Reliability was assessed in the Indianapolis database. Inter-reader relia
was assessed on the same X-rays for extended and semiﬂexed views.deﬁnite OA (Table I). Further studies are needed to better
understand this issue.
It would have been interesting to compare criterion valid-
ity (prediction of future joint replacement) between the ra-
diographic views and the scoring techniques. However,
unfortunately, joint replacement rates were low in the John-
ston County cohort and not available in the other data-
bases. High KL grades have been associated with further
joint replacement, both at the hip and at the knee level.
To our knowledge no comparative study has been per-
formed in the same patients to assess the radiographic
scoring techniques comparatively as regards predictive
validity.
Reproducibility was higher for categorical JSW than for
the other scoring techniques, and responsiveness was
higher for categorical JSW, in particular on semiﬂexed
views. In a previous study, it was reported that, in contrary
to KL, the reproducibility of joint space narrowing scales
was inﬂuenced by the experience of the reader, particularly
in the lateral compartment31. In another study, the intra- and
inter-reader transversal and longitudinal reliability were
found to be stronger for joint space measurement than for
KL scale and for a joint space narrowing scale32. The joint
space narrowing scale was, however, a 6-grade scale,
slightly different from the 4-grade OARSI scale, and JSW
measurement was analyzed as a continuous, rather than
as a categorical variable, such as in the present study.V
e knee X-ray grading systems
OARSI Cat. JSW
d kappa
CI)
ICC
(95% CI)
Weighted kappa
(95% CI)
ICC
(95% CI)
0.64)
0.66
(0.30e0.83)
0.86
(0.76e0.96)
0.92
(0.86e0.95)
0.86)
0.82
(0.70e0.89)
0.83
(0.71e0.96)
0.89
(0.82e0.94)
0.82)
0.79
(0.65e0.87)
0.89
(0.80e0.99)
0.94
(0.89e0.96)
bility was not assessed for semiﬂexed views. Intra-reader reliability
See Table II for abbreviations.
Table V
Sensitivity to change assessed by SRM
KL OARSI Cat. JSW
SRM (extended views) 0.10 0.15 0.2
SRM (semiﬂexed views) 0.22 0.34 0.49
See Table II for abbreviations. Sensitivity to change was
assessed in the Indianapolis database.
747Osteoarthritis and Cartilage Vol. 16, No. 7These differences might also explain, as well as the ab-
sence of semiﬂexed views, that in this previous work, the re-
sponsiveness of the joint space narrowing scale was higher
than the responsiveness of KL, and comparable to the joint
space measurement responsiveness.
This study conﬁrms that antero-posterior ﬂuoroscopically
positioned semiﬂexed views are preferable to extended
views in knee OA, for the purposes of clinical trials, since
these views allow a more sensitive change assessment of
OA. Unfortunately, and this is a limit of this large study,
there were no other semiﬂexed views available for analysis.
Therefore, our conclusions only concern antero-posterior
semiﬂexed views, as proposed by Mazzuca et al.15. Further
studies are needed to assess semiﬂexed views compara-
tively. The studies published to date6,11,17, comparing
data from different ﬂexion X-ray protocols, have not shown
any clear advantage of a semiﬂexed technique over an-
other, though head-to-head comparisons have yet to be
performed.
Semiﬂexed views have sometimes been criticized be-
cause they are more complicated to obtain than extended
views, i.e., there are feasibility issues, in particular regard-
ing ﬂuoroscopic positioning; however, once again, the
main focus of this work was clinical trials, not clinical prac-
tice; semiﬂexed views are feasible in the context of clinical
trials. Other elements to discuss regarding feasibility (as de-
ﬁned in the OMERACT ﬁlter) include training of persons to
perform semiﬂexed views, and precise positioning in a re-
producible angle of semiﬂexed knees; as for time and difﬁ-
culty/training of scoring and cost, they are similar for
extended and for semiﬂexed views.
Finally, it must be pointed out that other instruments eval-
uating the structural domain in OA are under evaluation, in
particular MRI. In 2004, the working group considered that
the available data were not sufﬁcient to state that MRI could
be used instead of plain X-rays. However, data on MRI are
currently increasing, and this position might be reconsider-
ed in the future.
In conclusion, this large study indicates that categorical
JSW measurement might be the preferred instrument to
evaluate structure in a set of criteria for use in clinical trials
evaluating potential disease-modifying drugs in OA, and
suggests that semiﬂexed views may present advantages
over extended views. Further studies are required to evalu-
ate predictive validity for total knee replacement, to assess
whether a categorical or a dichotomized JSW measurement
should be used in such set of criteria, and to establish ﬁnal
threshold(s).Conﬂict of interest
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